ABSTRACT -Body development and reproductive performance of a hundred forty-two 14 to 15-month-old heifers, classified at weaning according to frame size as small, medium, and large, were evaluated. The parameters evaluated were: body weight, hip height, body condition score, weight gain, ovarian activity, and pregnancy rate. At weaning, body weight and hip height were significantly different among frame scores, (small -133.0 kg, 92.2 cm; medium -158.5 kg, 96.6 cm; and large -185.2 kg; 100.2 cm). After weaning, heifers grazed together on natural pastures during the autumn and on ryegrass (Lolium multiflorum La.) during the winter and spring. Frame score differences remained until the beginning of the breeding season (BS), starting on average at 14 months of age. Weight gain between weaning and the beginning of BS was not different among frame scores (0.740 kg/day, on average). Body weights at the beginning of the BS were significantly different, of 255.7 kg (53.3% of the mature weight) for small heifers, 285.0 kg (59.4%) for medium heifers, and 307.6 kg (64.1%) for large heifers. Ovarian activity at the beginning of the BS was not different among the three groups. The average weight gain values during the BS of 0.492, 0.472, and 0.421 kg/day for small, medium, and large heifers, respectively, were significantly different. Pregnancy rates were not different among groups (small, 71.4%; medium, 76.4%; and large, 76.5%). Frame score did not influence the reproductive performance of heifers, but the small and medium heifers conceived 29 and 20 days earlier, respectively, than the large heifers.
Introduction
The productivity of breeding-to-finish beef production systems is determined by the combination of three factors: reproductive efficiency of breeding herds, heifer age at first mating, and steer market age (Beretta et al., 2001) . Performance indexes are influenced by production systems, which depend on the available production factors. Aiming at achieving higher efficiency and productivity and at complying with beef quality demands, the entire beef production chain -from the farmer to the packing plants -has sought to identify, among other factors that affect the production system, the best type of animal for each production environment.
In the so-called extensive production systems, in which cattle graze on natural or cultivated pastures and, therefore, may be subjected to nutritional and environmental restrictions, body size should be taken into account and has been studied since some years ago (Morris and Wilton, 1976) . Body size is represented by the frame score, which is a convenient measure that relates hip height with body weight and age. Frame scores may be used to estimate growth rate and mature size, performance potential, and the nutritional requirements of an animal (BIF, 2010) .
Body size influences breeding parameters, such as age and weight at puberty and pregnancy rates, as well as performance traits, including weaning weight, weight gain, mature weight, and carcass composition (NRC, 1996; Barbosa, 2006) . For instance, large cows may be older at puberty and, consequently, present lower fertility rates than smaller cows in the same herd (Buttram and Willham, 1989; Olson, 1994) .
Considering the diverse environments where beef cattle are produced in Brazil, particularly in terms of soil and climate, it is not possible to assign a single optimal animal size for all production systems. On the one hand, feedlot systems using grain feeding allow the production of large steers. On the other hand, the expansion of crops to pasture areas has pushed breeding heifers and cows to poorer pastures with low carrying capacity . In addition, under climates that further limit the nutritional value of the available pastures, smaller and early-maturing animals, with low nutritional requirements, may be required (Klosterman, 1972) .
The objective of this study was to evaluate the development of heifers of three different sizes from weaning to mating at 14-15 months of age on a grazing system typical of the Pampa Biome of the state of Rio Grande do Sul, Brazil, without the use of any supplements.
Material and Methods
The protocol and conduction of these study were approved by the Research Ethics Committee of the Institution of Origin.
The experiment was conducted on a farm located in the municipality of Bage, physiographic region of Campanha, in the southwest of the state of Rio Grande do Sul, Brazil (31º22' S and 54º39' W).
At weaning, 142 Hereford heifers born in the spring (September), with 228±8.7 days old on average, were selected from the commercial breeding herd of the farm. All heifers were subjected to the same management practices and environment from birth to weaning. The effect of cow age on milk production was minimized by the distribution of heifers among the treatments (frame score or size).
Heifers were classified into one of the three groups: 1, 2, and 3 to frame score, according to the calculation of the Beef Improvement Federation (BIF, 2010), which considers age at weaning (days), hip height, and cow age. Groups 1, 2, and 3 are referred here as small, medium, and large, respectively.
During weaning, the calves were kept in a barn for 10 days. After weaning, heifers were managed as a unique group on natural pastures until June and then under rotational grazing until early December, in an area of 50 ha divided into four paddocks with annual ryegrass (Lolium multiflorum Lam). The average stocking rate was 2.0 animal units (AU)/ha (1 AU = 450 kg), with pasture availability of 2,400 and 800 kg DM/ha, corresponding to 25 and 8-10 cm pasture height, at the time animals entered and were removed from the pasture, respectively (Aguinaga et al., 2006) . In December and afterwards, heifers were grazed on ryegrass stubble, the unique possibility in that year.
Heifers were weighed, after 12 h of feed and water fasting, at weaning and at the beginning and end of the breeding season of 61 days, and every 28 days between these periods. Daily weight gain was determined as the difference between weights divided by the number of days in each period. At the same dates, hip height (Dolezal and Coe, 1996) was measured and body condition was visually scored (Lowman et al., 1976) according to a 1-5 scale, in which 1 indicates a very thin animal, with easily visible ribs and hip bones and 5, a very fat animal, with evenly distributed fat cover.
On the dates animals were weighed, pasture samples were collected to determine the chemical composition (Table 1) . Forage availability was estimated by the method described by t' Mannetje (2000) . Pasture samples were dried in a forced-ventilation oven at 60 °C for three days and then the dry matter, crude protein, and acid and neutral detergent fiber contents (AOAC, 1984) were determined.
Reproductive performance under natural mating was determined by the presence or absence of ovarian activity by ultrasound examination at the beginning of the breeding season and by pregnancy rate at 45 days after the end of breeding season. A 4% ratio of bulls approved by andrological examination was used.
Data of weight gain from birth to weaning were subjected to analysis of variance and used to the distribution of female calves in the three different groups. A completely randomized experimental design, with different number of replicates was applied, with repeated measures. Data were subjected to analysis of variance and to the F test, according to the following model:
Y hij = µ + F i + HA j Σ hij in which Y hij = dependent variable associated to the h-th animal; µ = mean of all observations; F i = fixed effect of the i-th frame; HA = heifer age covariate; and Σ hij = random residual effect. The data were subjected to analysis of variance at the 5% level of significance through PROC MIXED of the SAS (Statistical Analysis System, version 9.4). When differences were detected, the means were compared by the t test, at the 5% level of significance. The pregnancy rate was analyzed by the Chi-square test (Gomez and Gomez, 1984) . The pregnancy rate data were subjected to cubic regression analysis, in relation to body weight at the beginning of the breeding season.
Results
Frame score was significantly affected by average birth weight, weight gain from birth to weaning, weaning weight, and height (Table 2 ). Large heifers were heavier at birth (P<0.05) than the medium and small heifers, which presented similar birth weight (P>0.05).
Analyses from birth to weaning showed that weight gain was associated with frame score. Although no differences in average age at weaning were detected, preweaning weight gain was significantly different (P<0.05) among frame groups, resulting in significant weaning weight differences (P<0.05) among small (133.0 kg), medium (158.5 kg), and large (185.2 kg) heifers.
Hip height was different among frame groups at weaning (P<0.05) (Table 2) , with small, medium, and large heifers presenting 92.2, 96.6, and 100.2 cm, respectively. These significant differences in height were maintained until the beginning of the breeding season and increased in 16.8, 15.7, and 15.4% for the small, medium, and large heifers, respectively.
Body weight to hip height ratio was also significantly different among groups and proportional to frame (Table 2) .
From weaning to the beginning of the breeding season, the three groups presented similar weight gain (P>0.05), with values of 0.753, 0.747, and 0.783 kg/day for small, medium, and large heifers, respectively. However, their body weights at the beginning of the breeding season were different (P<0.05) due to weight gain differences until weaning (Table 3) .
The weight gain and hip height differences observed at weaning were maintained in the beginning and in the end of the breeding season (P<0.05) ( Table 3) .
At the beginning of the breeding season, small, medium, and large heifers presented the means of body weight of 255.7, 285.0, and 307.6 kg (P<0.05). Body condition score was also significantly different (P<0.05) among frame groups and increased with frame (Table 3) . Ovarian activity at the beginning of the breeding season was not different among frame groups (P>0.05) and was 83.7%, on average.
Daily body weight variation during the breeding season was similar among frame groups (Table 3) because of the low quality of the pasture (Table 1) .
Despite not affecting daily body weight variation among the three groups during the breeding season, nutrient restriction influenced heifer visual body condition scores. The body condition score of large heifers was reduced (4.28 to 4.07) due to their higher nutritional requirements compared with the small heifers, which body condition score slightly increased (3.71 to 3.88) between the beginning and end of the breeding season. The body condition score of small heifers was significantly lower compared with the other two groups in the beginning of the breeding season, but reached statistically similar score as the medium heifers at the end of the breeding season.
Pregnancy rates of 71.4, 76.4, and 76.5% obtained by small, medium, and large heifers, respectively, were not different (P>0.05). The average age at conception of small, medium, and large heifers was 419, 427, and 448 days, respectively ( Table 3 ), indicating that small and medium heifers conceived 29 and 21 days earlier than the large heifers.
Although heifer frame did not influence pregnancy rate, the pregnant heifers presented higher weight gain during the breeding season, as well as higher body weight and body condition score at the end of that season compared with the non-pregnant heifers. Pregnancy rate presented a cubic response to body weight: it increased up to 272 kg and was similar between 260 and 332 kg (Figure 1 ).
Discussion
The greater weight of large calves at weaning is due to the fact that they are more efficient at gaining weight up to 25% of their mature weight (Webster, 1989) . Large cattle, independently of breed, are usually heavier at birth than medium and small cattle (Long et al., 1975; Vargas et al., 1999) . The average birth weight obtained was 33.7 kg, consistent with that reported for Hereford herds in the state of Rio Grande do Sul (Mazzini et al., 2003) .
The analyses from birth to weaning indicate that this herd presented different weight gain potential until weaning (Thonney et al., 1981) , possibly due to differences in dam milk production. Large animals are more efficient when environmental conditions and nutrition are not limiting (Cartwright et al., 1981; Di Marco, 1998) , as in the case of the present study, when the dams and their calves grazed on ryegrass since the beginning of calving, mid-August, to the end of this pasture cycle, end November, when returned to graze on natural pastures.
High pre-weaning weight gain and, consequently, high weaning weight, are essential to obtain good pregnancy rates when heifers are mated at 14-15 months of age (Rocha and Lobato, 2002; Vaz et al., 2012) , with influences on the reproduction performance when they are primiparous cows (Scaglia, 1997) . Quadros and Lobato (1997) showed that calves born in the beginning of spring (September) from cows grazing on natural pastures at low stocking rates and, therefore, with high pasture allowance and better quality, are heavier at weaning.
Despite significant, the differences in hip height are small among the frames, possibly as a result of the selection of this commercial herd for larger frames during the last 40 years. Baker et al. (1988) considered that hip height is the most convenient way to describe the skeleton size in beef cattle. Although Pereira et al. (2010) found high positive correlations between growth traits and hip height, the authors concluded it had little influence on the reproductive performance of Nelore heifers. Those authors also found that hip height of heifers at weaning may be influenced by dam age. Hip height of heifers calved by three to four-yearold cows or older than 13 years is lower than those calved by 5 to 12-year-old cows.
Body weight to hip height ratio was different among groups and proportional to frame and can be used to determine body condition score (Olson et al., 1982) , as well as biotype differences (Klosterman et al., 1968; Montanholi et al., 2004) , and is correlated with heifer growth rate (Costa et al., 2009) .
Under challenging environmental and nutritional conditions, cattle with different frames may present similar growth rates, because the nutritional requirements of the large animals are not fully supplied (Thonney et al., 1981) . Despite their potential for higher weight gain (Di Marco, 1998) , the lack of differences in weight gain from weaning to breeding among frame sizes may be explained by the insufficient nutrient supply (NRC, 1996) to the large heifers due to the ryegrass offer during the grazing cycle and the poor quality of the ryegrass stubble on offer in December and specially in January (Table 1 ). The stubble on offer was extremely dry (91.9%), had 4.5% of CP and 82.0% of neutral detergent fiber. Carvalho et al. (2011) demonstrated higher weight gain per area and per animal with a pasture height of 15-25 cm high and a uniform pasture allowance of 3000 kg of dry matter during the vegetative period, which was not the situation in the present study.
The obtained weight gains are compatible with the availability of dry matter and crude protein of the forage (Table 1) . However, the low energy values obtained when the pasture started to be grazed, and particularly after the end of its vegetative cycle, were not sufficient to supply the requirements of heifers and, therefore, did not result in weight gain differences, as previously observed by Santos et al. (2005) . Cattle grazing on cultivated pastures may present continuous weight gain during the pasture production cycle when energy-protein supplements are given, at the beginning of the cycle on protein-rich pastures (Pilau et al., 2004) , and in the end of the cycle, when the pasture contains low crude protein and high neutral detergent fiber levels (Pilau et al., 2005) . No supplement was prepared to be offered in such period in the present study. Recently, Gonzales (2015) showed that Brangus heifers with daily weight gains inferior to 0.357 kg reduce the fat cover, or the body condition score, measured monthly with more accuracy by ultrasonography.
The mean body weights of 255.7, 285.0, and 307.6 kg, of small, medium, and large heifers at the beginning of the breeding season, which corresponded to 53.3, 59.4, and 64.1% of the mean of 480-kg cow mature weight in a good body condition of this farm, are considered sufficient to allow breeding the medium and large heifers at 14 months of age. The NRC (1996) recommended 60% to Bos taurus and 65% to Bos indicus heifers of their mature weight to reach puberty and conceive. Bolze and Corah (1993) , however, recommended 65% of mature weight of Bos taurus heifers. By the end of the breeding season, the small heifers reached, on average, 64% of the mature weight, which, however, should have been achieved at the beginning of the season. Larson et al. (2011) concluded that 55% mature weight provides good reproduction results when beef heifers are maintained in uniform herds and under adequate nutritional systems, but not when there are nutritional limitations. The genetic selection of beef heifers for breeding at younger ages and, therefore, lower body weights at mating (Glasser, 2013; Hersom et al., 2013) , determined lower nutritional requirements of these animals . classified heifers weaned at 77 and 147 days of age in weight groups and found that 58.8% did not achieve the minimum weight of 275 kg at the beginning of the breeding season. However, out of that percentage, 53% conceived, demonstrating that target body weight at the beginning of the breeding season may not always be a limiting factor. As expressed by NRC (1996) , numerous data are available that indicate that neither age nor weight is a reliable indicator of reproductive development, but that threshold values for both age and weight must be reached before puberty can occur.
This may also indicate that target weights may vary according to cattle type, which may be very heterogeneous in beef cattle herds, as has been happening in Brazilian beef herds recently. Nevertheless, several authors showed positive correlations between heifer target weight at mating and pregnancy rate (Wiltbank et al., 1985; Silva et al., 2005) . Heifers weighing more than 65% of their mature weight, according to breed and type, present high pregnancy rates (Kroetz and Neves, 1985; DeRouen and Franke, 1989) , which is an important productivity indicator of breedingto-finish systems (Beretta et al., 2001; Vieira et al. 2006) .
Hip height is an important source of variation of the age (days) and body weight at puberty, but is less susceptible to environmental variations than body weight (Baker et al., 1981; Vargas et al., 1998) .
At the beginning of the breeding season, heifers were, on average, 415±10.2 days old. At this age, however, different weight to height ratios (P<0.05) were determined. The ratios were close to those recommended in literature, of 2.53 to 2.77 kg/cm for frame of 1 to 9 (Fox et al., 1988) . Costa et al. (2009) , however, found that this ratio may vary in Hereford heifers as a function of the nutritional levels supplied between weaning and 15 months of age. At the end of the cycle, already in end December, and January, the ryegrass stubble presented poor quality, CP of 9.8% and 4.5%, respectively, associated to the worst total digestible nutrients values in the same months, subtracted the possibility of expressing better results. Probably, the offering of a supplement as supported by Pilau and Lobato (2009) in this poor-quality period of the pasture on offer should give better answers.
Body condition score was significantly different among frame groups and higher in the large one, disagreeing with the literature, in which cattle with small biotypes deposit visible subcutaneous fat earlier than those with large R. Bras. Zootec., 47:e20170031, 2018 biotypes (McCarthy et al., 1985) . However, Sampedro (2003) suggested that this parameter has low correlation with the reproductive performance when heifers were 18 months old.
Ovarian activity was not different among frame groups at the beginning of the breeding season (Table 3) , 83.7% on average, which is a reasonable cycling percentage to a herd having the first mating in this age. Replacement heifers should reach puberty approximately 60 days before the breeding season to conceive at the beginning of that season, as heifers mated in the third estrous cycle present better reproductive performance compared with those mated in the first two cycles (Byerley et al., 1987) . The presence of ovarian activity before the breeding season is important because the first conception at the beginning of the season will determine higher future reproductive efficiency and herd productivity. Heifers that conceive late in the breeding season have lower productivity, their calves are lighter at weaning, and they present longer calving intervals compared with those that conceive at the beginning of that season (Lesmeister et al., 1973) .
Pregnancy rates were not different among frame groups, 74.8% on average, probably as a result of pasture quality available, which affected more the large heifers. During the first 35 days of the mating period, there were no differences in weight gains (mean of 0.585 kg/day) among the three groups, but on the last 35 days, small, medium, and large heifers presented gain of 0.371, 0.317, and 0.244 kg/day (P<0.05), respectively. Under feed restriction, as observed with the quality of stubble available, small heifers gained more weight and were maybe more fertile than large heifers (Vargas et al., 1999) , which may lead to similar reproductive performance (Olson et al., 1982) . The low nutrient supply may be explained by the low forage quality at the end of the ryegrass growing cycle, the lack of another forage alternative at the time on the farm, and also by the extreme climate conditions observed during that period, which inhibited the possible regrowth of natural forage species. In that period, the region of the study experienced long and strong draught, with rainfall (56.5, 97.0, and 19.5 mm, in November, December, and January, respectively) well below the normal levels (117, 122, and 124 mm, respectively) (EMBRAPA, 2016) during the breeding season, without any rain between November 16 to December 17. In addition, the recorded average and range monthly temperatures (22 and 12 to 34; 23 and 16 to 35; 23 and 11 to 35 ºC, to November, December, and January, respectively) were much higher temperature than the historical averages in the studied region (21 and 17 to 26; 23 and 19 to 29; 25 and 20 to 31º C, respectively). Such environmental extremes may have caused embryo mortality and, therefore, reduced the pregnancy rates (Rocha et al., 2012) . Environmental temperatures above the thermal comfort zone cause imbalances in estrogen/progesterone ratio, resulting in embryo death before implantation or embryo underdevelopment (Thatcher and Collier, 1982) , as well as reduced uterine blood flow and increased uterine temperature, reducing embryo survival (Putney, 1989) .
Despite satisfactory for a herd recently beginning the mating with 14-15 months old, higher pregnancy rates were expected considering the body weights and body condition scores determined in all three frame groups, which, on average, reached the target weight required for the onset of puberty and for conception until the end of the breeding season. Other authors, working with heifers of the same age and fed similar diets, obtained lower pregnancy rates than the present study; however, the body weights of their heifers at the start of breeding season were lower, also due to lower weaning weights (Rocha and Lobato, 2002; Pilau et al., 2005; Azambuja et al., 2008; Pilau and Lobato, 2009) .
The average age at conception indicated that small and medium heifers conceived 29 and 21 days earlier than the large heifers. The averages were 419, 427, and 448 days, respectively, for small, medium, and large heifers. Olson et al. (1998) also classified heifers as small, medium, and large as a function of hip height and observed that large heifers were less productive and older at puberty compared with medium and small heifers, with similar weaning rates of 61.6 and 62.8% in the first and second parity. The later the heifer conceives, the lower is its pregnancy rate (Pötter and Lobato, 2004) . First-calf heifers that conceive in the beginning of the breeding season, and therefore, that calve in the beginning of the calving season, present higher pregnancy rates (Osoro, 1986) . In addition, a higher number of calvings in the beginning of the calving season allow for a longer interval between calving and the next breeding season .
Regardless of the original frame classification (Table 4) , pregnant heifers were heavier at the end of the breeding season due to their higher weight gain during mating compared with non-pregnant heifers (P<0.05). It has been previously shown that pregnant heifers present better growth rates and body condition scores than non-pregnant heifers (Semmellman et al., 2001; Rocha and Lobato, 2002) . These responses allow the selection of heifers better adapted to each production system. In addition, when lighter female calves -which are also probably younger -are identified at weaning, they may be more intensively managed to supply them with better nutrition and weight gain to allow them to conceive at the same age as their contemporaries (Beretta and Lobato, 1998; Pereira Neto and Lobato, 1998) .
Higher body weight gain in pregnant heifers compared with non-pregnant heifers is reported in the literature (Rocha and Lobato, 2002) ; Azambuja et al., 2008) . Patterson et al. (1992) emphasized the importance of pre-weaning weight gain for puberty onset, considering the harmful effects of poor nutrition on puberty described by Short and Bellows (1971) . In the study of Bittencourt et al. (2005) , the body weight of 14 to 15-month-old heifers in the beginning of the breeding season explained 73.6% of the variation in pregnancy probability and an optimal body weight of 338.8 kg was determined.
Pregnancy from heifers at 14-15 months of age is associated with their body weight . However, Barcellos et al. (2006) , when analyzing older heifers, between 18 and 24 months of age, did not detect any pregnancy rate increase after a given weight. Puberty onset in cattle is determined by animal age, body weight, and their interaction. Therefore, heifers must gain weight in a non-restrictive environment (Gregory et al., 1991; Restle et al., 1999) .
The lack of significant body weight changes from birth to mating both in pregnant and non-pregnant heifers are consistent with the pregnancy rates obtained. It is possible that higher pregnancy rates could have been obtained if weight gains were higher and supplements were provided, specially in the period of 20-30 days prior the end of annual ryegrass cycle and the first 20-30 days or more, when grazing ryegrass stubble or, as usually, when returning to graze natural pasture in these months. In intensive systems, the assurance of more food is strongly necessary to get effective results, because it is impossible to be safe based only on pastures, improved or natural, and expected normal rainfall and temperatures. This was previously recommended by Pilau and Lobato (2009) , based on the gains observed in heifers supplemented in this period. More intensive systems require the guarantee of extra food supply to avoid any unexpected hard climate effects, for which they were not prepared in this situation. The pregnancy rate differences as a function of heifer frame score obtained in the present study are smaller than those reported in literature. Other authors, despite working with larger frame differences, more advanced and intensive production systems, with better genetics and nutrient resources, did not find any reproductive performance differences because the nutritional requirements of all heifers were met (Cartwright et al., 1981; Olson et al., 1982) .
Conclusions
The development of heifers of three different sizes from weaning to mating at 14-15 months of age does not affect pregnancy rates. Body condition score at the beginning and end of the breeding season and body weight gain affect conception rate, regardless of frame size. In more intensive grazing systems, higher pasture offer and quality or even food reserves are necessary to compensate for the climate uncertainty, to keep the weight gains based on the animal genetic potential. Barbosa Table 4 -Mean and standard deviation of body weight, body condition score, weight gain, and age of heifers diagnosed as pregnant or not
